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Abstract
Objective: The present study aimed to review the literature on micronutrient
deficiency and other factors influencing a deficiency status among children living
in China.
Design: A systematic review was performed to analyse the literature.
Setting: Studies were identified through a search of PubMed and secondary references.
Subjects: Children living in China aged less than 18 years.
Results: Sixty-one articles were included. The prevalence of vitamin A deficiency
decreased to approximately 10% in 1995–2009. It increased with age but no sig-
nificant difference was found between genders. The prevalence of thiamin and
vitamin B12 deficiency was 10?5% in Yunnan and 4?5% in Chongqing provinces,
respectively. Higher vitamin D deficiency rates were seen in spring and winter.
The incidence of bleeding due to vitamin K deficiency was 3?3% in 1998–2001 and
more prevalent in rural areas. Both iodine deficiency and excess iodine intake
were observed. Goitre rates were reported in Tibet, Jiangxi, Gansu and Hong
Kong (3?5–46%). Anaemia rates ranged from 20% to 40% in 2007–2011. High Se
deficiency rates were found in Tibet, Shaanxi and Jiangsu. High Zn deficiency rates
were also found (50–70%) in 1995–2006. Few studies reported Ca deficiency rates
(19?6–34?3%). The degrees of deficiency for vitamin A, vitamin B12, Fe and Zn were
more substantial in rural areas compared with urban areas.
Conclusions: The prevalence of micronutrient deficiency rates varied. Socio-
economic status, environmental factors and the Chinese diet may influence
micronutrient deficiency. Public health policies should consider implementing
programmes of supplementation, food fortification and nutrition education to
address these deficiencies among Chinese children.
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Micronutrients are vitamins and minerals consumed in
small quantities, but are essential for body biochemical
processes(1). They are critical in producing enzymes,
hormones and metabolites that are essential for growth
and development.
According to the WHO, micronutrient deficiencies of
iodine, vitamin A and Fe are of the greatest concern
worldwide(1). Thirty-two countries reported a significant
proportion of their population who were affected and
classified as iodine-deficient in 2012(2). Iodine-deficiency
disorder (IDD) is characterised by a range of symptoms/
diseases which includes thyroid function abnormalities,
goitre, impaired brain development and brain damage(3,4).
However, excessive iodine intake was found in twenty-nine
countries, potentially leading to iodine-induced thyroid
dysfunction(5). Vitamin A deficiency (VAD) is one of the
important causes of blindness in children. Pre-school age
children were affected in 122 countries from 1995 to
2005(6). VAD was reported to account for 0?6 million
deaths globally and constituted the largest disease burden
(6% of deaths in children under 5 years of age) among
micronutrient deficiencies in 2004(7). The prevalence of
Fe-deficiency anaemia is usually indicated by the pre-
valence of anaemia(8). Anaemia was known to affect
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about 47% of pre-school age children globally during
1993–2005(8,9). Fe deficiency can lead to premature death
and impaired or delayed mental and physical develop-
ment in children(10,11).
Vitamins B, D and K, Zn, Se and Ca are also considered
vital for child health and development. Thiamin (vitamin B1)
assists in the metabolism of carbohydrates and branched-
chain amino acids(12). Beriberi is associated with those
populations who have a low thiamin intake together with
a low-fat but a high-carbohydrate diet(13). Vitamin B12
is responsible for brain development during infancy and
DNA synthesis(14). One review demonstrated the existence
of low vitamin B12 levels in specific populations of children
and adolescents in five countries(15). Vitamin D plays an
important role in Ca uptake for bone growth, osteoporo-
sis and rickets prevention(16). Vitamin D deficiency was
suggested to be common despite the lack of information on
global prevalence(17). Zn and vitamin K are essential for
protein synthesis(18,19). More than 25% of the populations
in Latin American, Asian and African countries were
categorised as at high risk of Zn deficiency(20). Vitamin K
deficiency bleeding (VKDB) is commonly recognised in
neonates with inadequate intake/levels of vitamin K(21). Se
acts as an antioxidant to help protect the body against free
radicals(22). Keshan disease, a congestive cardiomyopathy,
is recognised to be associated with Se deficiency(23) and
is endemic in China(24). Se deficiency is also implicated in
Kashin–Beck disease (osteochondropathy)(25) although
iodine deficiency is considered common in this disease(26,27).
Ca is required to maintain the rigidity and strength of bones
to prevent osteoporosis(28). It was suggested that low Ca
intake was commonly seen in developing countries(17).
In order to address micronutrient deficiency among
children aged 6–59 months, UNICEF collaborated with the
WHO to develop a daily multiple micronutrient formula
for supplementation(29). Further, the FAO and the WHO
published guidelines for implementing the fortification
of widely distributed and consumed foods such as wheat,
maize and flour(30). In 1995, China initiated universal
salt iodisation (USI) to prevent and control IDD(31). The
effectiveness of food-based approaches has also been
explored(32–34). The objective of the present study was
to review the literature on the deficiency status of micro-
nutrients among children and the factors influencing various
deficiency statuses in China. Information on deficiencies can
guide policy makers to assess the potential long-term con-
sequential impact on children and implement interventions
accordingly.
Method
The systematic review was conducted in accordance with
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) Statement, which was inclu-
ded to ensure the transparency and completeness of
reporting systematic reviews and meta-analyses(35). The
search was performed in PubMed by using MeSH (Medical
Subject Headings) terms and keywords. Search terms were
used as follows: (Vitamin OR minerals OR nutrient) AND
child AND (Hong Kong OR China) AND (deficiency OR
malnutrition OR deficient). All databases were searched in
June 2012. Titles, abstracts and the content of the articles
were screened to determine the suitability for inclusion.
Reference lists from retrieved studies were reviewed for
the identification of potentially relevant studies.
Inclusion and exclusion criteria
The inclusion criteria were published studies investigat-
ing the distribution of micronutrient deficiencies and
factors influencing deficiency status. Subjects included
should live in China. Articles written in both English and
Chinese were included. Conference proceedings, animal
studies, studies reporting interventions only and studies
examining macronutrients in subjects aged .18 years
were excluded.
Data extraction
Extracted data included study site (regions, cities, provinces
of China), sample size, study duration and age of subjects.
Statistical data such as prevalence and incidence; mean
serum, urinary or hair levels of different micronutrient
indicators; and odds ratios were also extracted.
Results
Figure 1 summarises the literature search and study selec-
tion process. The electronic database search yielded
335 studies. A total of 300 records were screened and full
texts of eighty-seven studies were retrieved for in-depth
evaluation. Of these, thirty-five studies were excluded as
micronutrient deficiency was not reported. Nine additional
publications were identified in the reference lists of
retrieved studies. As a result, sixty-one articles were inclu-
ded in the current review. A summary of the included
studies and the serum, urinary or hair levels of different
micronutrient indicators are presented in Supplemental
Table 1 and Supplemental Table 2, respectively (online
supplementary material).
Vitamin A
The prevalence of subclinical VAD (serum retinol level
#0?70mmol/l or #20mg/dl) decreased gradually from
approximately 40% to lower than 10% from 1988 to
2009(36–46) (Table 1). However, there was little variation in
the prevalence of marginal VAD (serum retinol level
.0?70–1?05mmol/l or 20–30mg/dl), which ranged from
20% to 45% from 1989 to 2009(36–39,42,44–47).
Studies showed that the prevalence of VAD decreased
with increasing age(36,38,39,43). No significant difference
was found in serum vitamin A level between genders in
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all age groups(36,38,40,47). Vitamin A status was associated
with growth rates among children(47). This implies that
children with a high growth rate have high demand for
vitamin A. However, a review suggested that children’s
diets generally contain small quantities of plant carot-
enoids(48). Four studies indicated that children living in
rural areas had a higher risk of VAD than those in urban
areas and over 50% of vitamin A-related child deaths
were in western provinces(36,37,40,44,49). A study showed
that children with low socio-economic status had sig-
nificantly lower mean serum retinol concentration than
those with high socio-economic status in both urban
(35?6 v. 37?5mg/dl) and rural areas (26?5 v. 31?6mg/
dl)(42). A short duration of breast-feeding and low con-
sumption of vitamin A-rich foods were suggested as
reasons for low serum retinol concentration among
children with low socio-economic status(42). However,
breast-feeding was concluded to be a risk factor of
subclinical VAD in Auhui since some lactating mothers
might not provide adequate vitamin A in the breast
milk(41). Children living in livestock farming counties had
generally higher serum vitamin A concentration than
those in other farming counties due to a common diet
including milk and meat products in livestock farming
counties in Tibet(38).
Vitamin B
Two surveys conducted in Yunnan and Chongqing
reported the prevalence of thiamin and vitamin B12
deficiency, respectively(50,51) (Table 2). In 2001, the pre-
valence of thiamin deficiency was 10?5% in Yunnan(50).
Vitamin B12 deficiency and marginal vitamin B12 deficiency
respectively were present in 4?5% (8/177) and 10?7%
(19/177) of children aged 2–7 years in Chongqing(51). The
average serum vitamin B12 level was higher among urban
children (615pg/ml) than rural children (481pg/ml)(51).
There were no significant differences in serum vitamin B12
level between genders(51).
Vitamin D
Vitamin D deficiency rates were reported in different
parts of China(52–56) (Table 3). The prevalence of severe
vitamin D deficiency was found to be 45?2% in winter
and 6?7% in summer among adolescents in Beijing(55). In
Identification
Screening
335 records identified through database searching
300 records after duplicates removed
300 records screened
87 records screened
61 studies included in the literature review
Included
Eligibility
213 records excluded
(not related to micronutrients or
were conference abstracts)
35 records excluded
(micronutrient deficiency was
not reported)
9 additional records
identified in the reference list
Fig. 1 Summary of the literature search and selection of studies for inclusion
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Table 1 Summary of the prevalence of VAD in different groups of Chinese children aged ,18 years
Author/year Study site
No. of
subjects studied
Age
(years)
Prevalence of
marginal VAD* (%)
Prevalence of subclinical
VAD- (%)
Tian (1988)(43) Tianjin City 774 0?25–7 NA 0?25 year: 46?6
0?5 year: 55?9
1 year: 41?4
2 years: 29?5
3 years: 36?8
5 years: 21?0
0?25–7 years: 39?3
Wang (1989)(44) Wuhan City 495 0?5–3 Urban Urban
Total: 23?5 Total: 10?0
0?5–1 year: 25?0 0?5–1 year: 12?5
1–2 years: 26?6 1–2 years: 11?7
2–3 years: 20?9 2–3 years: 8?2
Rural Rural
Total: 37?5 Total: 17?5
0?5–1 year: 53?3 0?5–1 year: 15?6
1–2 years 39?4 1–2 years: 14?4
2–3 years: 22?7 2–3 years: 22?1
Lin (2002)(36) 14 provinces 8669 0–5 Whole country Whole country
Total: 39?2 Total: 11?7
0–0?5 year: 45?7 0–0?5 year: 33?4
0?5–1 year: 45?9 0?5–1 year: 17?9
1–2 years: 41?1 1–2 years: 12?7
2–4 years: 37?5 2–4 years: 10?6
4–5 years: 37?2 4–5 years: 8?0
Area Area
Rural: 44?5 Rural: 15?0
Urban: 28?4 Urban: 5?2
Coastal: 35?1 Coastal: 5?8
Inland: 39?0 Inland: 11?5
Remote: 42?6 Remote: 16?8
Tan (2002)(37) 14 provinces 8669 0–5 39?2 11?7
Mi (2003)(38) Tibet 1257 0–5 Total: 38?4 Total: 8?4
0–0?5 year: 54?2 0–0?5 year: 22?2
0?5–1 year: 38?9 0?5–1 year: 13?3
1–2 years: 35?6 1–2 years: 8?5
2–3 years: 38?6 2–3 years: 5?4
4–5 years: 36?9 4–5 years: 7?9
Cities: 30?0 Cities: 5?4
Livestock farming: 35?1 Livestock farming: 4?7
Farming: 43?2 Farming: 11?0
Semi-farming: 45?1 Semi-farming: 12?3
Jiang (2006)(39) 4–5 provinces 7826 0–6 40?1 Total: 12?2
0 year: 26?6
1 year: 14?1
2 years: 11?3
3 years: 10?1
4 years: 7?9
5 years: 8?4
6 years: 7?0
Western area: 17?4
Inland area: 11?8
Coastal area: 6?2
Li (2006)(45) China 380 3–12 44?7 8?4
Yang (2007)(40) Zhejiang Province 357 0–4 Total: 7?3 Total: 3?1
0–0?5 year: 2?6 0–0?5 year: 15?8
0?5–1 year: 17?1 0?5–1 year: 8?6
1–2 years: 12?9 1–2 years: 2?9
2–3 years: 4?4 2–3 years: 0
3–4 years: 4?2 3–4 years: 0
4–5 years: 5?4 4–5 years: 0
Zhang (2007)(41) Anhui Province 1052 0–5 NA Total: 6?9
0 year: 34?7
1 year: 26?4
2 years: 15?3
3 years: 6?9
4 years: 9?7
5 years: 6?9
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Yuci, the percentage of children with 25-hydroxyvitamin
D (25(OH)D) level ,12 ng/ml was higher in spring
(65?3%) than in autumn (2?8%) in 2003(53). Another study
showed that the percentage of children with 25(OH)D
level ,25 nmol/l and ,50 nmol/l ranged from 0?4 to
3?3% and from 5?4 to 46?4%, respectively(52).
Table 1 Continued
Author/year Study site
No. of
subjects studied
Age
(years)
Prevalence of
marginal VAD* (%)
Prevalence of subclinical
VAD- (%)
Jiang (2008)(42) Beijing City 1236 0–6 Total: 38?0 Total: 7?8
Urban High SES groups in urban areas: 2?0
0–0?5 year: 41?2 Low SES groups in urban areas: 1?4
1–2 years: 34?7 High SES groups in rural areas: 6?3
2–3 years: 33?3 Low SES groups in rural areas: 15?7
3–6 years: 31?5
Rural
0–0?5 year: 59?5
1–2 years: 43?5
2–3 years: 40?2
3–6 years: 38?5
Chen (2009)(46) Chongqing City 459 2–7 25?9 6?3
VAD, vitamin A deficiency; NA, not applicable; SES, socio-economic status.
*Marginal VAD defined as serum retinol level .0?70–1?05mmol/l or 20–30mg/dl.
-Subclinical VAD defined as serum retinol level #0?70mmol/l or #20mg/dl.
Table 2 Summary of the prevalence of vitamin B deficiency and insufficiency in different groups of Chinese children aged ,18 years
Author/year Study site
No. of
subjects studied
Age
(years)
Prevalence of vitamin B12
deficiency* (%)
Prevalence of marginal
vitamin B12 deficiency- (%)
Gao (2006)(51) Chongqing City 351 2–7 4?5 10?7
Author/year Study site
No. of
subjects studied
Age
(years)
Prevalence of thiamin
deficiency-
-
(%)
Insufficiency in thiamin
supplyy (%)
Li (2007)(50) Yunnan Province 352 0–1?5 10?5 5?7
*Vitamin B12 deficiency defined as serum vitamin B12 level ,200 pg/ml.
-Marginal vitamin B12 deficiency defined as serum vitamin B12 level of 200–300 pg/ml.
-
-
Thiamin deficiency defined as thiamin (mg)/creatinine (g) ,120.
yInsufficiency in thiamin defined as thiamin (mg)/creatinine (g) between 85 and 120.
Table 3 Summary of the prevalence of vitamin D deficiency in different groups of Chinese children aged ,18 years
Author/year Study site
No. of subjects
studied
Age
(years)
Prevalence of
severe vitamin D
deficiency* (%)
% of children
with 25(OH)D
,25 nmol/l
% of children
with 25(OH)D
,50 nmol/l
Du (2001)(55) Beijing City 787 12–14 Winter NA NA
Total: 45?2
Rural: 45?1
Suburban: 49?6
Urban: 42?5
Summer
Total: 6?7
Rural: 9?2
Suburban: 6?6
Urban: 5?1
Strand (2009)(53) Yuci District 250 1–2 NA Spring: 65?3- NA
Fall: 2?8-
Liang (2011)(56) Nanjing City 142 0–10 Healthy children: 1?3 NA Healthy children: 10?5
Sick children: 16?7 Sick children: 30?8
Zhu (2012)(52) Hangzhou City, 6008 0–16 NA 0–1 year: 0?4 0–1 year: 5?4
Zhejiang Province 2–5 years: 1?1 2–5 years: 21?9
6–11 years: 2?0 6–11 years: 40?4
12–16 years: 3?3 12–16 years: 46?4
25(OH)D, 25-hydroxyvitamin D; NA, not applicable.
*Severe vitamin D deficiency defined as 25(OH)D level ,12?5 nmol/l.
-Children with 25(OH)D level ,12 ng/ml.
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Age, gender and health status were the risk factors
contributing to low serum 25(OH)D level. The mean
serum 25(OH)D level decreased with age in 6000 children
,16 years old in Zhejiang Province but no significant
difference was found between genders(52). Among them,
adolescents aged 12–16 years had the highest prevalence
of low serum 25(OH)D. In Anhui Province, a significant
seasonal difference between genders was found and the
serum 25(OH)D level among children at age 15 years was
maximum in summer. In general, boys had higher levels
of 25(OH)D than girls. In non-summer periods, boys’
25(OH)D level dropped with increasing age, but girls’
25(OH)D level increased gradually(57). A study in Nanjing
reported that the mean serum 25(OH)D level among
sick children (65?7nmol/l) was less than that of healthy
children (80?5nmol/l). There was no significant difference
between age groups(56). Furthermore, a seasonal pattern of
vitamin D deficiency was observed from studies conducted
in Yuci and Beijing(53–55). Such patterns were also observed
in Anqing(57) where vitamin D deficiency rates of nearly
50% were found in spring and winter(53–55).
Vitamin K
One study reported the incidence of VKDB to be 3?3%
among 28 156 live newborns in Shandong from 1998 to
2001(58) (Table 4). VKDB was more prevalent in rural
(5?0%) than in urban areas (1?2%). Further, preterm
infants with diarrhoea, pneumonia and jaundice had a
higher incidence of VKDB than full-term infants(58).
Infants who were breast-fed had higher risk of having
VKDB(58). Although one study proposed that vitamin K
deficiency was the major cause of haemorrhagic stroke in
young infants, 73?6% of patients with VKDB did not
receive vitamin K after birth in Beijing(59).
Iodine
According to the WHO, median urinary iodine concen-
tration ,0?79mmol/l or ,99mg/l indicates mild iodine
deficiency(60). Table 5 illustrates the prevalence of goitre
and percentages of subjects with different urinary iodine
concentrations. A review indicated that Hong Kong chil-
dren had optimal iodine nutrition levels in 1995–1997 in
two surveys but elevated cord blood thyroid-stimulating
hormone (.10mU/l), indicating iodine insufficiency,
among 22% of neonates in 1984(61). In contrast, another
cross-sectional study conducted in Hong Kong reported
that 45?3% of 104 children aged 5–16 years had iodine
deficiency(62). There was an increase in the proportion
of children with iodine deficiency from 11?4% in 1999
(1476/12 984) to 15?6% in 2005 (1707/10 939)(63). A mean
urinary iodine level of 100?7–110?0mg/l was found in
children aged 7–14 years in Guizhou Province(64) and
only 29?9% of 448 urinary samples in Zhejiang Province
reached the normal urinary iodine level(65). In addition,
353 children aged 5–14 years from three areas with
endemic Kashin–Beck disease and one non-endemic
area in Yulin had mean urinary iodine values in the range
of 43–89mg/l(66). A study conducted in Tibet with 557
children aged 5–15 years reported that 66% had urinary
iodine level ,20mg/l(67). However, some studies repor-
ted that about 80% of the children reached normal urin-
ary iodine level in Gansu(31,68). A median urinary iodine
level of 209?8–223?7mg/l among forty children aged 8–10
years was observed(69). In contrast, excessive iodine levels
were observed in various parts of China including Anhui,
Shandong, Shanxi and Jiangsu(70). In provinces with median
drinking-water iodine levels of 150 to $500mg/l, the med-
ian urinary iodine level varied from 357?7 to 1150?4mg/l
in children aged 8–10 years(70). In Shangdong Province, the
mean urinary iodine levels of children aged 6–12 years were
427?0–1194?5mg/l before the termination of iodised salt
supply(71). One study also reported a higher median urinary
iodine level in rural areas (456–519mg/l) compared with
urban areas (231–354mg/l)(72).
Goitre rates varied in different parts of China. In Hong
Kong, 3?5% of 2439 adolescents aged 12–18 years had
goitre(73). The goitre rate was much higher in Jiangxi
Province (7?6% in 1991)(74), Tibet (46% in 1995)(26) and
Gansu Province (13?5% in 2005)(31) and the rate increased
with age(31).
Iron
The prevalence of anaemia ranged from 8% to 40% in
different regions(51,75–78) (Table 6). A survey reported the
variation in the prevalence of anaemia to be 7?5–32?9%
among students aged 9–11 years in Shaanxi Province(79).
The Fe deficiency rate in 540 children aged 6–14 years
was reported to be even higher (55?7%) in Jiangxi Pro-
vince(80) and a rate of 24?3% was found in Jintan among
1656 children aged 3–5 years(81).
Table 4 Summary of the prevalence of vitamin K deficiency and incidence of VKDB in different groups of Chinese children aged ,18 years
Author/year Study site No. of subjects studied Age (years) Prevalence/incidence (%)
Zhou (2002)(58) Shangdong Province 28 156 0 Incidence of VKDB: 3?3
Rural: 5?0
Urban: 1?2
Wang (2009)(59) Beijing Municipality 251 0–16 Among patients with haemorrhagic stroke,
vitamin K deficiency: 76?6 (72/94)
No vitamin K supplement after birth: 73?6
VKDB, vitamin K deficiency bleeding.
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A difference of up to 10% in Fe deficiency rates was
reported between urban and rural areas in 1992–2005(76)
but another study reported similar deficiency rates in
these areas(78). A cross-sectional study reported that the
incidence of Fe deficiency in 1012 children was 26?5%
in rural Beijing(82). In Beijing, the highest anaemia rate
(48?8%) was found among the 211 exclusively breast-fed
infant boys at 4 months in 2003–2004(83). Another study
also reported lower blood Hb levels among infants when
compared with other age groups(84). A study suggested
that possible reasons to explain the high rate of anaemia
among children in China(76) was that mothers lacked
Fe during pregnancy. Moreover, Chinese infants and
children mainly consumed vegetables, which have low Fe
content, in their diets(76).
Zinc
Seven studies reported Zn deficiency rates(81,84–90) (Table 7).
A study involving 13929 children showed that the pre-
valence of Zn deficiency in Beijing was 13?7% in 2007 and
these rates decreased with age(84). A study conducted in
Jintan reported the Zn deficiency rate among children aged
3–5 years to be 38?4%(81). Other studies showed even
higher Zn deficiency rates which were over 50% in the age
of 0–8 years(85–89). However, two studies showed that Zn
deficiency rates increased with age(85,89).
Selenium
Table 8 illustrates the prevalence and incidence of Se
deficiency. A cross-sectional study showed that the blood
Se level was lower than the normal reference value in
84?7% of 532 subjects in Qinghai Province(91). A study
mentioned the increase in blood Se levels among patients
with Keshan disease aged ,18 years living in rural areas
from 1995 to 2005(92). The mean serum Se level increased
steadily to a non-endemic level in 2000 and attained
the highest level in 2005. Two studies conducted in
Lhasa Prefecture, an Se- and iodine-deficient area in
Tibet, reported that 49% of 280 subjects had Kashin–Beck
disease(67) and all had severe Se deficiency(27). There was
also high Se deficiency rate (83%) in 120 children aged
6–14 years in Shaanxi Province(93). Low hair Se con-
centration was found to be associated with an increased
risk of Kashin–Beck disease in a study conducted in
Shaanxi Province(66). Another study conducted in Shaanxi
also showed that the Se levels in hair samples of children
living in a Kashin–Beck disease-endemic area were lower
than the normal range(94).
Calcium
Table 9 demonstrates the prevalence of Ca deficiency.
The prevalence of coexisting Ca and vitamin D deficiency
was reported to be 9?4% in winter in 1995–1996 among
1248 adolescent girls(55) in Beijing. In 2000, 116 children
(19?6%) had decreasing Ca level in hair with age in
Jiangxi Province(85). Another study also reported similarT
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findings(84). Ca deficiency was also profound in Jintan
(34?3%) among children aged 3–5 years(81).
Discussion
This is the first systematic review summarising the available
literature regarding micronutrient deficiency status and
factors influencing micronutrient status among children in
China. All studied micronutrients of interest (except iodine)
were deficient among some children in China.
Public health implications of vitamin A, vitamin D,
iron and iodine deficiencies
The WHO has established certain criteria for assessment
of the severity of micronutrient deficiency. The pre-
valence of subclinical VAD among children aged,6 years
in 1995–2009 indicated that VAD was a moderate public
health problem in many parts of China(95). However, the
trend of VAD appeared to decrease throughout the study
years. This may be due to administration of vitamin A
in deficient areas which is based on the national pro-
gramme of action for child development in China during
2001–2010(96). With respect to Fe-deficiency anaemia,
China could also be classified as a country in which this is
of moderate public health significance as the reported
prevalence ranged from 20% to 40% in 2007–2011(97). For
iodine, IDD in Hong Kong may be considered to be less
severe than in Gansu Province, Jiangxi Province and
Tibet as the total goitre rate in school-aged children was
below 5%(60,73). According to a consensus statement of an
Expert Panel Group in 2003, 35?8% of pregnant women
may have mild iodine deficiency(98,99). Since iodised salt
was not widely available in Hong Kong(100), IDD is still a
concern. In contrast, some provinces had excess iodine
supply after the implementation of USI including Shandong.
Hence, termination of the iodised salt supply was con-
sidered. In addition to vitamin A, Fe and iodine, vitamin D
deficiency was also a public health concern among
adolescents in China especially in spring and winter.
Further research should be conducted to monitor the
latest deficiency prevalences of these micronutrients.
Status of intake and its relationship to
micronutrient deficiency
Apart from deficiency rates, insufficient micronutrient
intake could be the proxy to indicate the severity of
certain micronutrient deficiencies which were rarely
reported in the available literature. The intakes of vitamin
B, Zn, Se and Ca are discussed below to complement our
findings. Most of the studies reported low intakes of these
micronutrients, which supported our results showing the
deficiency problems of these micronutrients. One study
reported that vitamin B12 intake in 6?8% of 177 children
was lower than the recommendation from the WHO and
the mean vitamin B12 intake was 5?1mg/d
(51). For Zn, 150
children (87?2%) did not meet the estimated average
requirement in Yunnan Province(77). A cross-sectional
study reported that the mean Zn intake (8–10mg/d) in
thirty-one provinces in 2002 was lower than the recom-
mended nutrient intake(101). The inadequate Zn intake
rate was shown to be higher in the rural area than in
the urban area(78). High prevalence of Se deficiency
was found in our review. A study reported that 36?9% of
Table 6 Summary of the prevalence of anaemia in different groups of Chinese children aged ,18 years
Author/year Study site
No. of
subjects studied
Age
(years)
Prevalence of
anaemia* (%)
Leung (2001)(75) Hong Kong SAR 51 4–14 8?5
Gao (2006)(51) Chongqing City 351 2–7 8?3
Chang (2007)(76) China 2416 0–5 In 2005
Total: 19?3
Urban: 11?3
Rural: 21?9
Ma (2008)(78) 31 provinces NA 0–2 Total: 31?1
Urban: 29?3
Rural: 31?6
Chen (2009)(46) Chongqing City 459 2–7 23?5
Willows (2011)(77) Heqing County, Yunnan Province 172 1–5 Hb, 110 g/l
Total: 36?3
1–2 years: 55?3
2–3 years: 26?3
3–4 years: 32?5
4–5 years: 32?7
Hb, 100 g/l
Total: 10?5
1–2 years: 21?1
2–3 years: 5?3
3–4 years: 10?0
4–5 years: 7?3
SAR, Special Administrative Region.
*Anaemia defined as serum Hb level ,110 g/l for children aged 3–6 years, serum Hb level ,120 g/l for children aged 7–12 years, serum Hb level ,130 g/l for
males aged 13 years or more and serum Hb level ,120 g/l for females aged 13 years or more.
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385 children aged 11–17 years in Jiangsu Province had
insufficient Se intake in 2002 with a daily intake of
,45–50mg/d(101). However, a national nutrition survey
found that 80–90% of the recommended daily intake was
achieved in 1992(102). In line with our findings, a low Ca
intake was found among Chinese children, especially in
rural areas, in many studies(77,102–104). One study reported
that all pre-school children (172/172) from Yunnan did
not have adequate Ca intake in 2004(77). This may be
due to the lack of milk and dairy products intake in the
traditional Chinese diet(48,102). For vitamin K, incidence
of VKDB could give some insights to assess vitamin K
Table 7 Summary of the prevalence of zinc deficiency in different groups of Chinese children aged ,18 years
Author/year Study site
No. of subjects
studied
Age
(years) Prevalence (%)
Yang (1995)(89) Zhejiang Province NA 1–14 Zn deficiency*: 57?8
Lao (1999)(88) Guangzhou Province 86 1–6 Serum Zn level lower than normal value: 57?0
Rao (2001)(85) Jiangxi Province 826 NA Hair Zn level below criterion-
Total: 73?1
0 year: 37?5
0?5 year: 49?4
1 year: 74?2
2 years: 75?7
3 years: 85?0
4 years: 80?8
5 years: 85?4
6 years: 76?0
7 years: 86?7
Ma (2003)(87) Xi’an City, Shaanxi Province 98 0–15 Zn deficiency
0–5 years: 47?3
6–11 years: 68?4
12–15 years: 49?0
Hu (2006)(86) Guangzhou Province 632 NA Zn deficiency
Male
Total: 45?6
0–1 year: 78?9
1–2 years: 41?8
2–3 years: 48?5
3–4 years: 45?0
4–5 years: 47?0
5–6 years: 56?0
6–10 years: 38?0
11–16 years: 30?0
Female
Total: 51?2
0–1 year: 73?8
1–2 years: 44?4
2–3 years: 55?0
3–4 years: 55?7
4–5 years: 54?5
5–6 years: 61?1
6–10 years: 46?1
11–16 years: 38?8
Song (2008)(84) Beijing City 13 929 0–14 Zn deficiency-
-
: 13?7
Liu (2010)(81) Jintan County, Jiangsu Province 1656 3–5 Zn deficiency: 38?1
NA, not applicable.
*Hair Zn level normal reference value: children aged 1–6 years, 100mg/g; children aged 7–14 years, 135mg/g.
-Hair Zn level criterion: age 0 years, 136mg/g; children, 119mg/g.
-
-
Peripheral blood Zn level normal reference range: children aged 0–1 year, 58–100mmol/l; children aged 1–2 years, 62–110mmol/l; children aged 2–3 years,
66–120mmol/l; children aged 3–5 years, 66–130mmol/l; children aged .5 years, 76?5–140mmol/l.
Table 8 Summary of the prevalence and incidence of selenium deficiency, Kashin–Beck disease and Keshan disease in different groups of
Chinese children aged ,18 years
Author/year Study site
No. of
subjects studied
Age
(years)
% of children with
different blood or
hair Se levels
Prevalence (%)/
incidence
Shu (1996)(91) Qinghai Province 50 8–20 Blood Se #1?2mmol/l: 84?7 NA
Moreno-Reyes (1998)(67)
and Suetens (2001)(26)
Lhasa Prefecture, Tibet 575 5–15 Serum Se ,5 ng/ml: 38?0 NA
Peng (2000)(93) Shaanxi Province NA 6–14 Hair Se ,0?2mg/g NA
Before Se supplementation: 83?0
After Se supplementation: 23?0
Zhang (2001)(66) Yulin City, Shaanxi Province 353 5–14 NA Prevalence of Kashin–Beck
disease: 33?7
Cai (2009)(92) Sichuan Province NA 0–18 NA Incidence of Keshan disease:
1?7 in 100 000
NA, not applicable.
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deficiency and our result showed that it was fairly com-
mon among newborns. Due to the limited information on
the deficiency status of these micronutrients, an effective
national surveillance system should be developed to
assess micronutrient deficiency in China.
Other factors influencing micronutrient
deficiencies
Factors that influenced vitamin A status such as poor
family economic status and living in rural areas may be
associated with a poor socio-economic status. Other
micronutrients such as Fe and Zn also had higher defi-
ciency rates in rural areas as compared with urban
areas(76,78). It is suggested that strong seasonal patterns
may be observed with vitamin D deficiency. This may be
due to the amount of sunlight exposure and lack of
outdoor activities among Chinese children(53,57). Few
studies in the literature reported the impact of dietary
intake on vitamin D deficiency, but one proposed that the
amount of sunlight exposure was the main determinant
of vitamin D status compared with dietary intake(54).
Furthermore, another study suggested that the lack of a
formal recommendation on vitamin D daily requirement
for children aged .2 years led to lower intakes of vitamin
D supplements among this age group(52). Infants with
pre-existing disease or those from rural areas are at higher
risk of developing VKDB. More attention should be
focused on this vulnerable group in order to prevent
vitamin K deficiency. Zn deficiency may also result from
reduced Zn intake rates and the reduction in bioavail-
ability of Zn. Consumption of foods with high phytate
content (e.g. rice and wheat) in the rural population may
result in low Zn absorption secondary to reduced bio-
availability(105). Low Ca intake rates were observed(102,106)
and can result in Ca deficiency.
Interventions to tackle micronutrient deficiencies
Supplementation should be provided to those vulnerable
groups on a short-term basis, while food fortification is
recommended in a long-term strategy. A study showed
that the cost of supplementation per disability-adjusted
life year was higher than that of food fortification(78).
Previous studies have reported various interventions to
control nutrient deficiencies. For vitamin A, supplementa-
tion was shown to be effective among children aged
2–7 years(107). The daily administration of fortified biscuits
is also suggested to be given to schoolchildren since it was
shown to be effective in reducing VAD(108) and easily
administered in schools. Other countries have used sugar
and margarine as vehicles for vitamin A fortification(17,109).
Fortification vehicles should be carefully chosen based on
their distribution and consumption patterns among the
target group in China. Vitamin D supplements should be
given to the adolescents, especially in winter. Milk powder
can also be used to increase vitamin D and Ca intake(110).
However, Chinese children in general have low milk
consumption, so nutrition education is needed to supple-
ment the implementation of fortified milk. For iodine,
there is evidence of an association between the 10-year
implementation of USI and the reduction of iodine defi-
ciency and goitre rate(59). This finding is validated by other
studies conducted in several countries(111–114). However,
in some places where the iodine concentration in water
is high, the implementation of USI may result in excess
iodine intake(71,115). Further studies are required to deter-
mine the need for USI in these areas. For Fe deficiency,
soya sauce fortified with NaFeEDTA was shown to be
effective in Guizhou Province in reducing the anaemia
rates in children(116). In Venezuela, wheat and flour have
been fortified with Fe but there are limited data demon-
strating the efficacy and effectiveness of this addition(117).
For Zn, infant formula, milk and cereals could be con-
sidered as fortification vehicles but there is limited
evidence of effectiveness(17). For Se, supplements were
introduced in Tibet and showed a reduction in incidence
of Keshan disease(92). More studies are needed to evalu-
ate the effectiveness of these fortified vehicles on the
nutritional status of Chinese children.
In contrast to supplementation and food fortification,
increasing dietary diversity is a more sustainable option to
Table 9 Summary of the prevalence of calcium deficiency in different groups of Chinese children aged ,18 years
Author/year Study site
No. of subjects
studied
Age
(years) Prevalence (%)
Du (2001)(55) Beijing City 1248 12–14 Clinical vitamin D and Ca deficiency in winter: 9?4
Rao (2001)(85) Jiangxi Province 826 NA Hair Ca level below criterion*
Total: 19?6
0 year: 6?2
0?5 year: 1?3
1 year: 5?0
2 years: 11?4
3 years: 23?9
4 years: 11?5
5 years: 27?0
6 years: 20?0
7 years: 30?0
Liu (2010)(81) Jintan County, Jiangsu Province 1656 3–5 Ca deficiency: 34?3
*Hair Ca level criterion: for age 0 years, 992mg/g; children, 801mg/g.
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control malnutrition(17). However, regulatory policies and
government support are needed for this type of inter-
vention. Breast-feeding is recommended for infants to
prevent micronutrient deficiencies, but supplementation
of vitamins A, B and K and Fe should be given to improve
the micronutrient intakes of lactating mothers before,
during and after pregnancy as well as breast-fed neo-
nates. A comprehensive review is strongly recommended
to evaluate the cost-effectiveness and cost–benefit of the
interventions specifically for the Chinese.
Limitations
There are several limitations with the current review. First,
there is little published literature relating to some of the
micronutrients, namely vitamin B, vitamin K and Ca. Second,
a large range of micronutrient deficiency rates was observed
in the included studies. This is likely due to a wide variation
in sample sizes and different study locations, which makes
the interpretation of results less applicable. Third, various
blood sampling methods were used in the different studies –
for example, samples collected from finger prick, an ante-
cubital vein and the jugular vein – contributing to outcome
measures that were not comparable. Fourth, subjects in
some of the cross-sectional studies were recruited in hos-
pitals or clinics resulting in higher deficiency rates that
might result from selection bias. Moreover, most studies
examined the deficiency rates in regions, provinces or
counties, levels which covered only a small portion of
the population in China. Hence generalisability is limited,
especially considering the different cultures and food con-
sumption habits in different regions of China.
Conclusion
The included studies reported that all micronutrients of
interest were deficient among children in China to varying
extents, except iodine. Poor socio-economic status, environ-
mental factors and the Chinese diet inevitably contribute
to micronutrient status. However, few studies relating to
some micronutrients were found in the literature; there-
fore, it is hard to draw a conclusion of overall deficiency
status for these micronutrients. Both supplementation
and food fortification are effective ways to reduce the
prevalence of deficiency, but even when supplements are
given out free of charge, adoption would require a sig-
nificant investment on attracting public engagement.
Public health policies should consider implementing
strategies such as increasing dietary diversity and foster-
ing nutrition education to address these deficiencies
among Chinese children.
Acknowledgements
Sources of funding: This research received a research
grant from Sci-Pharm Ltd. Sci-Pharm Ltd had no role in
the design, analysis or writing of this article. Conflicts of
interest: The authors have no conflicts of interest to declare.
Ethics: Ethical approval was not required. Authors’ contri-
butions: I.C.K.W., E.C.W. and A.Y.S.W. were responsible for
the study’s conception and design. C.S.L.C. and A.Y.S.W.
conducted the literature search and screening for eligible
studies. A.Y.S.W. and E.C.W. drafted the article. A.Y.S.W.,
E.C.W., C.S.L.C., A.G.S. and I.C.K.W. contributed to the
interpretation of the results and gave final approval of the
version to be published.
Supplementary material
To view supplementary material for this article, please
visit http://dx.doi.org/10.1017/S1368980013002978
References
1. World Health Organization (2012) Micronutrients. http://
www.who.int/nutrition/topics/micronutrients/en/index.html
(accessed July 2012).
2. Zimmermann MB & Andersson M (2012) Update on iodine
status worldwide. Curr Opin Endocrinol Diabetes Obes 19,
382–387.
3. Hetzel BS (2000) Iodine and neuropsychological develop-
ment. J Nutr 130, 2S Suppl., 493S–495S.
4. Delange F (1994) The disorders induced by iodine
deficiency. Thyroid 4, 107–128.
5. World Health Organization (2004) Eliminating iodine
deficiency worldwide is within reach. http://whqlibdoc.who.
int/press_release/2004/PR_93.pdf (accessed July 2012).
6. World Health Organization (2009) Global prevalence of
vitamin A deficiency in populations at risk 1995–2005.
http://whqlibdoc.who.int/publications/2009/9789241598019_
eng.pdf (accessed July 2012).
7. Black RE, Allen LH, Bhutta ZA et al. (2008) Maternal and
child undernutrition: global and regional exposures and
health consequences. Lancet 371, 243–260.
8. World Health Organization (2008) Worldwide prevalence of
anaemia 1993–2005. http://whqlibdoc.who.int/publications/
2008/9789241596657_eng.pdf (accessed July 2012).
9. McLean E, Cogswell M, Egli I et al. (2009) Worldwide
prevalence of anaemia, WHO Vitamin and Mineral Nutri-
tion Information System, 1993–2005. Public Health Nutr
12, 444–454.
10. World Health Organization (2007) Assessing the iron status
of populations. Second edition including literature reviews.
http://apps.who.int/iris/bitstream/10665/75368/1/97892415
96107_eng.pdf (accessed September 2013).
11. Brabin BJ, Premji Z & Verhoeff F (2001) An analysis of
anemia and child mortality. J Nutr 131, 2S-2, 636S–645S.
12. Institute of Medicine, Food and Nutrition Board (1998)
Thiamin. In Dietary Reference Intakes for Thiamin, Ribo-
flavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic
Acid, Biotin, and Choline. Washington, DC: National
Academies Press.
13. Djoenaidi W, Notermans SL & Verbeek AL (1996)
Subclinical beriberi polyneuropathy in the low income
group: an investigation with special tools on possible
patients with suspected complaints. Eur J Clin Nutr 50,
549–555.
14. National Institutes of Health (2012) Vitamin B12. http://
ods.od.nih.gov/factsheets/VitaminB12-QuickFacts/ (accessed
October 2012).
Systematic review on micronutrient deficiency 2615
15. McLean E, de Benoist B & Allen LH (2008) Review of the
magnitude of folate and vitamin B12 deficiencies world-
wide. Food Nutr Bull 29, 2 Suppl., S38–S51.
16. National Institutes of Health (2012) Vitamin D. http://ods.
od.nih.gov/Research/VitaminD.aspx (accessed October
2012).
17. World Health Organization & Food and Agriculture
Organization of the United Nations (2006) Guidelines
on food fortification with micronutrients. http://www.
who.int/nutrition/publications/micronutrients/guide_food_
fortification_micronutrients.pdf (accessed July 2013).
18. National Institutes of Health (2011) Zinc. http://ods.od.nih.
gov/factsheets/Zinc-QuickFacts/ (accessed October 2012).
19. National Institutes of Health (2012) Vitamin K. http://www.
nlm.nih.gov/medlineplus/vitamink.html (accessed October
2012).
20. International Zinc Nutrition Consultative Group, Brown
KH, Rivera JA et al. (2004) International Zinc Nutrition
Consultative Group (IZiNCG) technical document #1.
Assessment of the risk of zinc deficiency in populations
and options for its control. Food Nutr Bull 25, 1 Suppl. 2,
S99–S203.
21. van Hasselt PM, de Koning TJ, Kvist N et al. (2008)
Prevention of vitamin K deficiency bleeding in breastfed
infants: lessons from the Dutch and Danish biliary atresia
registries. Pediatrics 121, e857–e863.
22. National Institutes of Health (2011) Selenium. http://ods.od.
nih.gov/factsheets/Selenium-HealthProfessional/ (accessed
October 2012).
23. Ne`ve J (1996) Selenium as a risk factor for cardiovascular
diseases. J Cardiovasc Risk 3, 42–47.
24. Li Q, Liu M, Hou J et al. (2013) The prevalence of Keshan
disease in China. Int J Cardiol 168, 1121–1126.
25. Moreno-Reyes R, Mathieu F, Boelaert M et al. (2003)
Selenium and iodine supplementation of rural Tibetan
children affected by Kashin–Beck osteoarthropathy. Am J
Clin Nutr 78, 137–144.
26. Moreno-Reyes R, Suetens C, Mathieu F et al. (2001)
Kashin–Beck disease and iodine deficiency in Tibet. Int
Orthop 25, 164–166.
27. Suetens C, Moreno-Reyes R, Chasseur C et al.
(2001) Epidemiological support for a multifactorial aetio-
logy of Kashin–Beck disease in Tibet. Int Orthop 25,
180–187.
28. National Institutes of Health (2012) Calcium. http://ods.od.
nih.gov/factsheets/Calcium-QuickFacts/ (accessed October
2012).
29. World Health Organization (2007) Preventing and control-
ling micronutrient deficiencies in populations affected by
an emergency. http://www.who.int/nutrition/publications/
micronutrients/WHO_WFP_UNICEFstatement.pdf (accessed
December 2012).
30. World Health Organization (2009) Recommendations
on wheat and maize flour fortification meeting report:
Interim consensus statement. http://www.who.int/nutrition/
publications/micronutrients/wheat_maize_fort.pdf (accessed
December 2012).
31. Wang YL, Zhang ZL, Ge PF et al. (2009) Iodine deficiency
disorders after a decade of universal salt iodization in a
severe iodine deficiency region in China. Indian J Med Res
130, 413–417.
32. Gu X, Yin S, Xu Q et al. (1999) Vegetables rich in
carotenoids on the vitamin A status of children. Wei Sheng
Yan Jiu 28, 224–226.
33. Tang G, Gu X, Hu S et al. (1999) Green and yellow
vegetables can maintain body stores of vitamin A in
Chinese children. Am J Clin Nutr 70, 1069–1076.
34. Yin S, Gu X, Xu Q et al. (2000) Effect of green and yellow
vegetables on serum carotenoid in children. Zhonghua Yu
Fang Yi Xue Za Zhi 34, 89–91.
35. Moher D, Liberati A, Tetzlaff J et al. (2009) Preferred
reporting items for systematic reviews and meta-analyses:
the PRISMA statement. BMJ 339, b2535.
36. Lin L, Liu Y, Ma G et al. (2002) Survey on vitamin A
deficiency in children under-6-years in China. Zhonghua
Yu Fang Yi Xue Za Zhi 36, 315–319.
37. Tan Z, Ma G, Lin L et al. (2002) Prevalence of subclinical
vitamin A deficiency and its affecting factors in 8669
children of China. Zhonghua Yu Fang Yi Xue Za Zhi 36,
161–163.
38. Mi J, Lin LM, Ma GF et al. (2003) Prevalence of vitamin A
deficiency in children under six years of age in Tibet,
China. Zhonghua Yu Fang Yi Xue Za Zhi 37, 419–422.
39. Jiang JX, Toschke AM, von Kries R et al. (2006) Vitamin A
status among children in China. Public Health Nutr 9,
955–960.
40. Yang RW, Li R, Mao SJ et al. (2007) The survey of serum
retinol of the children aged 0–4 years in Zhejiang Province,
China. BMC Public Health 7, 264.
41. Zhang YW, Tao FB, Yin HP et al. (2007) Breast-feeding,
dietary intakes and their associations with subclinical
vitamin A deficiency in children in Anhui Province, China.
Public Health Nutr 10, 733–738.
42. Jiang JX, Lin LM, Lian GL et al. (2008) Vitamin A deficiency
and child feeding in Beijing and Guizhou, China. World J
Pediatr 4, 20–25.
43. Tian Q, Yang B, Wang S et al. (1988) An assay on serum
vitamin A level of 774 children in the countryside. Ying
Yang Xue Bao 10, 192–195.
44. Wang E, Zhu Q, Huang L et al. (1989) Investigation of
serum vitamin A level in children under 3 years old in both
city and countryside of Wuhan. Ying Yang Xue Bao 11,
84–88.
45. Li J, Piao J, Guo N et al. (2006) Study on the correlation of
vitamin A and iron status in children. Wei Sheng Yan Jiu
35, 182–183.
46. Chen K, Zhang X, Li T et al. (2009) Co-assessment of iron,
vitamin A and growth status to investigate anemia in
preschool children in suburb Chongqing, China. World J
Pediatr 5, 275–281.
47. Hu W, Tong S, Oldenburg B et al. (2001) Serum vitamin A
concentrations and growth in children and adolescents in
Gansu Province, China. Asia Pac J Clin Nutr 10, 63–66.
48. Yin S (2009) Regional case studies – China. Nestle Nutr
Workshop Ser Pediatr Program 63, 25–32.
49. Ross J, Chen CM, He W et al. (2003) Effects of malnutrition
on child survival in China as estimated by PROFILES.
Biomed Environ Sci 16, 187–193.
50. Li Y, Hotta M, Shi A et al. (2007) Malnutrition improvement
for infants under 18 months old of Dai minority in Luxi,
China. Pediatr Int 49, 273–279.
51. Gao MZ & Li HQ (2006) Vitamin B12 nutritional status in
preschool children in Chongqing. Zhonghua Er Ke Za Zhi
44, 7–10.
52. Zhu ZW, Zhan JY, Shao J et al. (2012) High prevalence of
vitamin D deficiency among children aged 1 month to 16
years in Hangzhou, China. BMC Public Health 12, 126.
53. Strand MA, Perry J, Zhao JP et al. (2009) Severe vitamin D-
deficiency and the health of north China children. Matern
Child Health J 13, 144–150.
54. Fraser DR (2004) Vitamin D-deficiency in Asia. J Steroid
Biochem 89–90, 491–495.
55. Du X, Greenfield H, Fraser DR et al. (2001) Vitamin D
deficiency and associated factors in adolescent girls in
Beijing. Am J Clin Nutr 74, 494–500.
56. Liang GY, Qin R, Li J et al. (2011) Optimal level of
25-(OH)D in children in Nanjing (32 degrees N lat) during
winter. Pediatr Int 53, 541–545.
57. Arguelles LM, Langman CB, Ariza AJ et al. (2009)
Heritability and environmental factors affecting vitamin D
2616 AYS Wong et al.
status in rural Chinese adolescent twins. J Clin Endocr
Metab 94, 3273–3281.
58. Zhou F, He S & Wang X (2002) An epidemiological study
on vitamin K deficiency bleeding in infants under six
months. Zhonghua Yu Fang Yi Xue Za Zhi 36, 305–307.
59. Wang JJ, Shi KL, Li JW et al. (2009) Risk factors for arterial
ischemic and hemorrhagic stroke in childhood. Pediatr
Neurol 40, 277–281.
60. World Health Organization (2001) Assessment of iodine
deficiency disorders and monitoring their elimination. http://
whqlibdoc.who.int/hq/2001/WHO_NHD_01.1.pdf (accessed
December 2012).
61. Kung JW, Lao TT, Chau MT et al. (2001) Mild iodine
deficiency and thyroid disorders in Hong Kong. Hong Kong
Med J 7, 414–420.
62. Kung AW, Chan LW, Low LC et al. (1996) Existence of
iodine deficiency in Hong Kong – a coastal city in southern
China. Eur J Clin Nutr 50, 569–572.
63. Liu P, Liu SJ, Su XH et al. (2010) Relationship between
urinary iodine and goiter prevalence: results of the Chinese
national iodine deficiency disorders survey. J Endocrinol
Invest 33, 26–31.
64. Ma QL, Shi LX & Shi ZF (1994) Determination of urine
iodine in school children in iodine deficiency disorders
areas. Zhonghua Yu Fang Yi Xue Za Zhi 28, 327–329.
65. Wang Y, Tu X & Huang X (1998) The analysis of iodine
among children in the capital of Zhejiang province.
Zhonghua Liu Xing Bing Xue Za Zhi 19, 157–158.
66. Zhang WH, Neve J, Xu JP et al. (2001) Selenium, iodine and
fungal contamination in Yulin District (People’s Republic of
China) endemic for Kashin–Beck disease. Int Orthop 25,
188–190.
67. Moreno-Reyes R, Suetens C, Mathieu F et al. (1998)
Kashin–Beck osteoarthropathy in rural Tibet in relation
to selenium and iodine status. N Engl J Med 339,
1112–1120.
68. Shi L, Tian Y, Piao J et al. (2002) Iodine nutritional status of
pregnant, lactating women and children in Linxia Region of
Gansu Province. Wei Sheng Yan Jiu 31, 282–284.
69. Wang XH, Wang YL, Zhang YX et al. (2010) Analysis of
surveillance of iodine deficiency disorders between town-
ship and rural areas in Gansu province. Zhonghua Liu Xing
Bing Xue Za Zhi 31, 359–360.
70. Shen H, Liu S, Sun D et al. (2011) Geographical distribution
of drinking-water with high iodine level and association
between high iodine level in drinking-water and goitre: a
Chinese national investigation. Br J Nutr 106, 243–247.
71. Guo X, Qin Q, Liu C et al. (2007) Study on iodine
nutritional status of target population due to different
iodine concentrations in drinking water after stopped
iodized salt. Wei Sheng Yan Jiu 36, 427–431.
72. Li SM, Fan YB, Chen HY et al. (2010) Is the current iodine
content in edible salt appropriate for eliminating iodine
deficiency in China. Asia Pac J Clin Nutr 19, 231–235.
73. Wong GW, Lam CW, Kwok MY et al. (1998) Childhood
goitre and urinary iodine excretion in Hong Kong. Eur J
Pediatr 157, 8–12.
74. Yan Y, Zhao C & Wan F (1994) Observation and evaluation
on the prevention of iodine deficiency disorders for 10
years in Jiangxi province. Chin J Endemiol 13, 253.
75. Leung SS, Lee RH, Sung RY et al. (2001) Growth and
nutrition of Chinese vegetarian children in Hong Kong. J
Paediatr Child Health 37, 247–253.
76. Chang S, He W, Jia F et al. (2007) Analysis on the changes
of nutritional status in China anemia status of children
under 5 in China. Wei Sheng Yan Jiu 36, 210–212.
77. Willows ND, Barbarich BN, Wang LCH et al. (2011) Dietary
inadequacy is associated with anemia and suboptimal
growth among preschool-aged children in Yunnan Pro-
vince, China. Nutr Res 31, 88–96.
78. Ma GS, Jin Y, Li YP et al. (2008) Iron and zinc deficiencies
in China: what is a feasible and cost-effective strategy?
Public Health Nutr 11, 632–638.
79. Luo RF, Kleiman-Weiner M, Rozelle S et al. (2010) Anemia
in rural China’s elementary schools: prevalence and
correlates in Shaanxi Province’s poor counties. Ecol Food
Nutr 49, 357–372.
80. Wu JP, Shen J & Zhou ZD (2001) Investigation of hair Fe
level of school-age children in Nanchang county. Guang-
dong Weiliang Yuansu Kexue 8, 53–55.
81. Liu J, McCauley L, Zhao Y et al. (2010) Cohort profile: The
China Jintan Child Cohort Study. Int J Epidemiol 39,
668–674.
82. Lin XM, Wang Z, Shen XY et al. (2003) Iron status and
effect of early iron supplementation on sub-clinical iron
deficiency in rural school-age children from mountainous
areas of Beijing. Zhonghua Yu Fang Yi Xue Za Zhi 37,
115–118.
83. Gong YH, Ji CY, Zheng XX et al. (2008) Correlation
of 4-month infant feeding modes with their growth
and iron status in Beijing. Chin Med J (Engl) 121,
392–398.
84. Song WQ, Xu XW, Li QL et al. (2008) Study on the
distribution and correlation of trace elements in whole
blood of children in Beijing. Zhonghua Liu Xing Bing Xue
Za Zhi 29, 564–568.
85. Rao G, Wang B & Cheng T (2001) Analysis on the content
of Pb, Zn, Cu, Fe, and Ca in hair of 826 children.
Guangdong Weiliang Yuansu Kexue 8, 28–32.
86. Hu SF & Gao H (2006) Determination and analysis on
whole blood zinc of 632 cases. Guangdong Weiliang
Yuansu Kexue 13, 34–36.
87. Ma T & Kou YL (2003) The analysis on the relationship
between the content of Zn in hair of children and health.
Guangdong Weiliang Yuansu Kexue 10, 46–47.
88. Lao BY (1999) The element Zn and growth of children.
J Guangdong Micronutrient Sci 6, 31–33.
89. Yang YC & Guo WW (1995) The analysis of hair Zn
in 2283 children. Guangdong Weiliang Yuansu Kexue 2,
44–46.
90. Yang XE, Chen WR & Feng Y (2007) Improving human
micronutrient nutrition through biofortification in the
soil–plant system: China as a case study. Environ Geochem
Health 29, 413–428.
91. Shu S, Yuan J & Yan H (1996) Selenium levels in human
bodies and environment in Qinghai province. Zhonghua
Yu Fang Yi Xue Za Zhi 30, 217–220.
92. Cai W, Deng JY, Ouyang B et al. (2009) Surveillance on
Keshan disease from 1990 to 2008 in Sichuan province.
Zhonghua Liu Xing Bing Xue Za Zhi 30, 820–823.
93. Peng X, Lingxia Z, Schrauzer GN et al. (2000) Selenium,
boron, and germanium deficiency in the etiology of
Kashin–Beck disease. Biol Trace Elem Res 77, 193–197.
94. Fang W, Wu P, Hu R et al. (2003) Environmental Se–Mo–B
deficiency and its possible effects on crops and Keshan–
Beck disease (KBD) in the Chousang area, Yao County,
Shaanxi Province, China. Environ Geochem Health 25,
267–280.
95. World Health Organization (2011) Serum retinol concen-
trations for determining the prevalence of vitamin A defici-
ency in populations. http://www.who.int/vmnis/indicators/
retinol.pdf (accessed December 2012).
96. Embassy of The People’s Republic of China in the Republic
of Poland (2004) National programme of action for child
developement in China. http://www.chinaembassy.org.pl/
pol/wh/wh/t129197.htm (accessed September 2013).
97. World Health Organization (2011) Haemoglobin concen-
trations for the diagnosis of anaemia and assessment of
severity. http://www.who.int/vmnis/indicators/haemoglobin.
pdf (accessed December 2012).
Systematic review on micronutrient deficiency 2617
98. But B, Chan CW, Chan F et al. (2003) Consensus statement
on iodine deficiency disorders in Hong Kong. Hong Kong
Med J 9, 446–453.
99. Kung AW, Lao TT, Low LC et al. (1997) Iodine
insufficiency and neonatal hyperthyrotropinaemia in
Hong Kong. Clin Endocrinol (Oxf) 46, 315–319.
100. Lin V (2011) Have You Taken Enough Iodine. http://www.
cfs.gov.hk/english/multimedia/multimedia_pub/multimedia_
pub_fsf_61_01.html (accessed October 2012).
101. Qin Y, Melse-Boonstra A, Shi Z et al. (2009) Dietary intake
of zinc in the population of Jiangsu Province, China. Asia
Pac J Clin Nutr 18, 193–199.
102. Ge KY & Chang SY (2001) Dietary intake of some
essential micronutrients in China. Biomed Environ Sci 14,
318–324.
103. He Y, Zhai F, Wang Z et al. (2007) Status of dietary calcium
intake of Chinese residents. Wei Sheng Yan Jiu 36,
600–601.
104. Yin S, Su Y, Liu Q et al. (2002) Dietary status of preschool
children from day-care kindergartens in six cites of China.
Wei Sheng Yan Jiu 31, 375–378.
105. Ma G, Li Y, Jin Y et al. (2007) Phytate intake and molar
ratios of phytate to zinc, iron and calcium in the diets of
people in China. Eur J Clin Nutr 61, 368–374.
106. Xia W, Zhou YJ, Sun CH et al. (2010) A preliminary study
on nutritional status and intake in Chinese children with
autism. Eur J Pediatr 169, 1201–1206.
107. Lin J, Song F, Yao P et al. (2008) Effect of vitamin A
supplementation on immune function of well-nourished
children suffering from vitamin A deficiency in China. Eur
J Clin Nutr 62, 1412–1418.
108. Zhang X, Chen K, Qu P et al. (2010) Effect of biscuits
fortified with different doses of vitamin A on indices of
vitamin A status, haemoglobin and physical growth levels
of pre-school children in Chongqing. Public Health Nutr
13, 1462–1471.
109. Krause VM, Delisle H & Solomons NW (1998) Fortified
foods contribute one half of recommended vitamin A
intake in poor urban Guatemalan toddlers. J Nutr 128,
860–864.
110. Lau EM, Lynn H, Chan YH et al. (2004) Benefits of milk
powder supplementation on bone accretion in Chinese
children. Osteoporos Int 15, 654–658.
111. Ashraf A, Amini M & Hovsepian S (2010) Prevalence of
goitre in Isfahan, Iran, fifteen years after initiation of
universal salt iodization. J Health Popul Nutr 28, 351–358.
112. Azizi F, Sheikholeslam R, Hedayati M et al. (2002)
Sustainable control of iodine deficiency in Iran: beneficial
results of the implementation of the mandatory low on
salt iodization. J Endocrinol Invest 25, 409–413.
113. Yusuf HK, Rahman AM, Chowdhury FP et al. (2008)
Iodine deficiency disorders in Bangladesh, 2004–05: ten
years of iodized salt intervention brings remarkable
achievement in lowering goitre and iodine deficiency
among children and women. Asia Pac J Clin Nutr 17,
620–628.
114. Marwaha RK, Tandon N, Ganie MA et al. (2012) Status of
thyroid function in Indian adults: two decades after
universal salt iodization. J Assoc Physicians India 60,
32–36.
115. Sui HX, Li JW, Mao WF et al. (2011) Dietary iodine intake in
the Chinese population. Biomed Environ Sci 24, 617–623.
116. Chen J, Zhao X, Zhang X et al. (2005) Studies on the
effectiveness of NaFeEDTA-fortified soy sauce in control-
ling iron deficiency: a population-based intervention trial.
Food Nutr Bull 26, 177–186.
117. Hertrampf E (2002) Iron fortification in the Americas. Nutr
Rev 60, 7 Pt 2, S22–S25.
2618 AYS Wong et al.
